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TITLE OF THE INVENTION 

SEMICONDUCTOR LIGHT EMITTING DEVICE 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a semiconductor light 
emitting device composed of BN (boron nitride), GaN (gallium 
nitride) , A1N (aluminum nitride) , InN (indium nitride) or TIN 
(thallium nitride) or an III-V group nitride based 
10 semiconductor (hereinafter referred to as a nitride based 
semiconductor) which is their mixed crystal. 

Description of the Background Art 

In recent years, nitride based semiconductor laser 

15 devices which emit light in blue or violet have been studied 
and developed as light sources for recording or reproduction 
used for high-density and large-capacity optical disk 
systems. In the high-density and large-capacity optical disk 
systems, an improvement in recording and reproducing speed 

20 is required with an increase in capacity. For achievement of 
it, it is necessary for nitride based semiconductor laser 
devices as light sources to operate at high frequency. 

Fig. 17 is a cross - sectional view showing the structure 
of a conventional semiconductor laser device described in 

25 JP-A-10-321962 . 
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The semiconductor laser device shown in Fig. 17 is 
obtained by forming, on an n-SiC substrate 21, an n-buffer 
layer 22 composed of GaN, an n-cladding layer 23 composed of 
Al 0 ^Gau^N , an active layer 24 composed of undoped In 0 32 Ga 0 68 N, 
5 and a p-cladding layer 25 composed of Mg doped Al 0!l Ga 0>9 N in 
this order. 

A ridge portion is formed in the p-cladding layer 25. 
An n-surface evaporation protective layer 26 composed of 
Al 0 05 Ga 0 95 N is formed on a flat portion of the p-cladding layer 

l:n 10 25 and on sidewalls of the ridge portion. An Mg highly doped 

Iff 

= D Al 0 05 Ga 0 95 N layer 20 is further formed on an upper surface of 

H the ridge portion. An n-current blocking layer 27 composed 

P of Al 0 15 Ga 0 85 N is formed on the n-surface evaporation 

protective layer 26 . A p-contact layer 28 composed of Mg doped 
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t3 15 GaN is formed on the n-current blocking layer 27 and the Mg 
highly doped Al 0 05 Ga 0 95 N layer 20. A p-side electrode 29 is 
formed on the p-contact layer 28, and an n-side electrode 30 
is formed on the reverse surface of the n-SiC substrate 21. 

As shown in Fig. 17, in the conventional semiconductor 
20 laser device having the n-current blocking layer 27 on both 
sides of the ridge portion and the flat portion of the p- 
cladding layer 25, when the pulse width is shortened under 
pulsed operation, response characteristics of the rise time 
and the fall time of light output power are degraded. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor light emitting device in which response 
characteristics under pulsed operation with a small pulse 
5 width are improved. 

A semiconductor light emitting device according to an 
aspect of the present invention comprises an active layer 
composed of a nitride based semiconductor; a cladding layer 
g formed on the active layer, composed of a nitride based 

;n 

ifi 10 semiconductor of a first conductivity type, and having a flat 
3 portion and a ridge portion formed on the flat portion; and 

^ a first current blocking layer formed on the flat portion and 

□ on sidewalls of the ridge portion of the cladding layer and 

U composed of a high-resistive nitride based semiconductor 

!3 15 containing impurities. 

Examples of a method of containing impurities in the 
first current blocking layer include a doping method and an 
ion implantation method. 

In the semiconductor light emitting device, the first 
20 current blocking layer is not of a conductivity type opposite 
to that of the cladding layer by doping impurities but is high 
resistive. Therefore, parasitic capacitance in the vicinity 
of the interface of the first current blocking layer and the 
cladding layer can be reduced, thereby making it possible to 
25 realize a semiconductor light emitting device in which 
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response characteristics under pulsed operation with a small 
pulse width are improved. 

It is preferable that the impurities contain at least 
one of zinc, beryllium, calcium, and carbon. By adding the 
5 impurities, the nitride based semiconductor is easily made 
high resistive, thereby making it possible to improve the 
response characteristics under pulsed operation with a small 
pulse width. 

J3 It is preferable that the first current blocking layer 

in 

fin 10 has a resistance value of not less than 1.5 Q'cm. In this 

i.fl 

?.y case, the response characteristics under pulsed operation 

!«* 

H with a small pulse width are sufficiently improved. 

Q It is preferable that the semiconductor light emitting 

1U device further comprises a second current blocking layer 

x 3 

■itssr 

O 15 formed on the first current blocking layer and composed of 
a nitride based semiconductor of a second conductivity type 
opposite to the first conductivity type. In this case, an 
operating current in the semiconductor light emitting device 
can be reduced, as compared with that in a case where no second 
20 current blocking layer is formed. 

The thickness of the first current blocking layer is 
preferably not less than 0.5 ttm, and more preferably not less 
than 1.0 Mm. 

The thickness of the flat portion of the cladding layer 
25 is preferably not more than 0.3 Mm, and more preferably not 
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more than 0.08 ££m. 

The nitride based semiconductor may contain at least 
one of boron, gallium, aluminum, indium, and thallium. 

A semiconductor light emitting device according to 
5 another aspect of the present invention comprises an active 
layer composed of a nitride based semiconductor; a cladding 
layer formed on the active layer, composed of a nitride based 
semiconductor of a first conductivity type, and having a flat 

O 

ui portion and a ridge portion formed on the flat portion, the 

|;n 10 cladding layer having a recess on the flat portion along both 
U3 sidewalls of the ridge portion; and a first current blocking 

H layer formed on the flat portion and on the sidewalls of the 

Q ridge portion such that it is embedded in the recess of the 

!U cladding layer. 

O 15 In the semiconductor light emitting device, the first 

current blocking layer is formed in the recess along both the 
sidewalls of the ridge portion of the cladding layer. 
Consequently, parasitic capacitance in the vicinity of the 
first current blocking layer in the recess is reduced, thereby 
20 improving response characteristics under pulsed operation 
with a small pulse width in the semiconductor light emitting 
device . 

It is preferable that the first current blocking layer 
is composed of a high-resistive nitride based semiconductor 
25 containing impurities. In this case, the parasitic 
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capacitance in the vicinity of the interface of the first 
current blocking layer and the cladding layer can be reduced, 
thereby making it possible to further improve the response 
characteristics under pulsed operation with a small pulse 
5 width in the semiconductor light emitting device. 

Examples of a method of containing impurities in the 
first current blocking layer include a doping method and an 
ion implantation method. 

It is preferable that the impurities contain at least 

10 one of zinc, beryllium, calcium, and carbon. By adding the 
impurities, the nitride based semiconductor is easily made 
high resistive, thereby making it possible to improve the 
response characteristics under pulsed operation with a small 
pulse width in the semiconductor light emitting device. 

15 It is preferable that the first current blocking layer 

has a resistance value of not less than 1.5 Q*cm. In this 
case, the response characteristics under pulsed operation 
with a small pulse width in the semiconductor light emitting 
device are sufficiently improved. 

20 It is preferable that the semiconductor light emitting 

device further comprises a second current blocking layer 
formed on the first current blocking layer and composed of 
a nitride based semiconductor of a second conductivity type 
opposite to the first conductivity type. In this case, it 

25 is possible to reduce an operating current in the 



semiconductor light emitting device. 

The thickness of the first current blocking layer is 
preferably not less than 0.5 Mm, and more preferably not less 
than 1.0 Urn. 

The thickness of the flat portion of the cladding layer 
is preferably not more than 0.3 Mm, and more preferably not 
more than 0.08 Mm. 

The nitride based semiconductor may contain at least 
one of boron, gallium, aluminum, indium, and thallium. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a first 
embodiment of the present invention; 

Fig. 2 is a schematic cross - sectional view showing the 
structure of an active layer in the semiconductor laser device 
shown in Fig. 1; 

Fig. 3 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a 
second embodiment of the present invention; 
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Fig. 4 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a third 
embodiment of the present invention; 

Fig. 5 is a schematic cross - sectional view showing a 
method of fabricating the semiconductor laser device shown 
in Fig. 4; 

Fig. 6 is a schematic cross-sectional view showing a 
method of fabricating the semiconductor laser device shown 
in Fig. 4; 

Fig. 7 is a schematic cross-sectional view showing a 
method of fabricating the semiconductor laser device shown 
in Fig. 4; 

Fig. 8 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a fifth 
embodiment of the present invention; 

Fig. 9 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a sixth 
embodiment of the present invention; 

Fig. 10 is a schematic cross - sectional view showing the 
structure of a semiconductor laser device according to a 
seventh embodiment of the present invention; 

Fig. 11 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to an 
eighth embodiment of the present invention; 

Fig. 12 is a diagram showing the results of measurement 



9 



of dependence of the rise time of light output power on the 
thickness of a flat portion of a second cladding layer in each 
of the semiconductor laser devices in the first, second, 
fourth, and fifth embodiments and a semiconductor laser 
5 device in a comparative example; 

Fig. 13 is a diagram showing the results of measurement 
of dependence of the rise time of light output power on the 
thickness of a flat potion of a second cladding layer in each 

s r 

=0 of the semiconductor laser devices in the third embodiment 

f;n 10 and the comparative example; 

in 

\gi Fig. 14 is a diagram showing the results of measurement 

M= of dependence of the rise time of light output power on the 

O thickness of a flat portion of a second cladding layer in the 

Hj semiconductor laser devices in each of the sixth to eighth 

t;3 15 embodiments and the comparative example; 

Fig. 15 is a diagram showing the results of measurement 
of dependence of the rise time of light output power on the 
thickness of a current blocking layer in the semiconductor 
laser device according to the first embodiment; 
20 Fig. 16 is a diagram showing the results of measurement 

of dependence of an operating current on the thickness of the 
flat portion of the second cladding layer in each of the 
semiconductor laser devices in the first and second 
embodiments ; and 
25 Fig. 17 is a schematic cross-sectional view showing the 
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structure of a conventional semiconductor laser device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
( First Embodiment ) 
5 Fig. 1 is a schematic cross-sectional view showing the 

structure of a nitride based semiconductor laser device 
according to a first embodiment of the present invention. The 
semiconductor laser device according to the first embodiment 
L : g is a ridge wave-guided semiconductor laser device. 

ill 

i;n 10 In the semiconductor laser device shown in Fig. 1, a 

v3 buffer layer 2 having a thickness of 25 nm composed of undoped 

H Al 0a5 Ga 0a5 N, an undoped GaN layer 3 having a thickness of 2 M 

O m composed of undoped GaN, a first contact layer 4 having a 

tU thickness of 3 Mm composed of Si doped n-GaN, a crack 

Q 15 preventing layer 5 having a thickness of 0.1 Urn composed of 
Si doped n-In 0il Ga 0<9 N f a first cladding layer 6 having a 

thickness of 1.5 Mm composed of Si doped n-Al 0 07 Ga 0 93 N, a light 
emitting layer 7 having a multiquantum well structure, 
described later, a second cladding layer 8 having a thickness 
20 of 1.5 ttm composed of Mg doped p-Al 0i07 Ga 0-93 N, and a second 
contact layer 9a having a thickness of 0.05 Mm composed of 
Mg doped p-GaN are stacked in this order on a C plane of a 
sapphire substrate 1 by MOCVD (Metal Organic Chemical Vapor 
Deposition) . 

25 Both sides of a striped region of the second contact 
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layer 9a and the second cladding layer 8 are removed by 
reactive ion etching (RIE) or reactive ion beam etching 
(RIBE), leaving a portion having a predetermined thickness 
dl , to form a striped ridge portion 10. The width of the ridge 

5 portion 10 at this time is adjusted between 2.0 to 5.0 H 
m. The second cladding layer 8 has a flat portion 82 having 
a thickness of dl and a projection 81. 

A partial region from the second contact layer 9a to 
the first contact layer 4 is etched away to a predetermined 
10 depth, to form an electrode forming surface 11 on the first 
contact layer 4 . 

A current blocking layer 12 having a thickness of d2 
composed of Al 0 12 Ga 0 88 N is formed on both sidewalls of the 
ridge portion 10 and on the flat portion 82 of the second 
15 cladding layer 8. Further, a third contact layer 9b having 

a thickness of 0 . 5 ttm composed of Mg doped p-GaN is stacked 
from an upper surface of the second contact layer 9a to an 
upper surface of the current blocking layer 12. 

A p-side electrode 131 is formed on the third contact 

20 layer 9b, and an n-side electrode 132 is formed on the 
electrode forming surface 11 of the first contact layer 4. 

Fig. 2 is a cross-sectional view showing the structure 
of the light emitting layer 7. The light emitting layer 7 
comprises a first optical guide layer 71 having a thickness 

25 of 0.1 ttm composed of Si doped n-GaN formed on the first 
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cladding layer 6, an active layer 72 formed thereon, and a 

second optical guide layer 73 having a thickness of 0.1 li 
m composed of Mg doped p-GaN formed thereon. The active layer 
72 has a multiquantum well structure obtained by alternately 
5 stacking barrier layers 721, 723, 725, and 727 having a 
thickness of 6 nm composed of Si doped n-In 0 02 Ga 0 98 N and well 
layers 722, 724, and 726 having a thickness of 3 nm composed 
of Si doped n- In 0 10 Ga 0 90 N . 

The current blocking layer 12 composed of Al 012 Ga 0 88 N 
if! 10 is made high resistive by doping impurities. Used as the 
iQ impurities are at least one of zinc, beryllium, calcium, and 

!«& carbon . 

O In the semiconductor laser device according to the 

rs. 

ill present invention, the current blocking layer 12 composed of 

IJ 

O 15 Al 012 Ga 0 88 N is made high resistive by doping the impurities, 

: : 

•ess- 

so that parasitic capacitance in the interface of the current 
blocking layer 12 and the flat portion 82 of the second 
cladding layer 8 is reduced. Consequently, the rise time tr 
of light output power is shortened under pulsed operation. 

20 From the same reasons, the fall time of light output power 
is shortened under pulsed operation. Consequently, response 
characteristics of light output power in the semiconductor 
laser device shown in Fig. 1 are improved. 

It is preferable that the resistance value of the 

25 current blocking layer 12 is not less than 1.5 Q * cm in order 
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to sufficiently improve the response characteristics of light 
output power. 

( Second Embodiment ) 

Fig. 3 is a schematic cross-sectional view showing the 
5 structure of a semiconductor laser device according to a 
second embodiment of the present invention. 

The semiconductor laser device shown in Fig. 3 and the 
semiconductor laser device shown in Fig. 1 differ in the 
structure of a current blocking layer. Portions excluding 
10 a second current blocking layer 121 in the semiconductor laser 
device shown in Fig. 3 have the same structures as those in 
the semiconductor laser device shown in Fig. 1. In the 
semiconductor laser device shown in Fig. 3, a second current 

U blocking layer 121 having a thickness of 0.3 Mm composed of 

3 15 n-Al 0 12 Ga 0-88 N is formed on the current blocking layer 12 in 

35? 

the semiconductor laser device shown in Fig. 1. An example 

of an n-type dopant is Si. 

In the semiconductor laser device according to the 

present embodiment, the current blocking layer 12 composed 
20 of Al 0al2 Ga 0 . a8 N is made high resistive by doping impurities, 

so that response characteristics of light output power are 

improved, as in the semiconductor laser device shown in Fig. 

1. Further, the second current blocking layer 121 of a 

conductivity type opposite to that of the second cladding 
25 layer 8 is provided, thereby reducing an operating current. 
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( Third Embodiment ) 

Fig. 4 is a schematic cross - sectional view showing the 
structure of a semiconductor laser device according to a third 
embodiment of the present invention. 
5 The semiconductor laser device shown in Fig. 4 and the 

semiconductor laser device shown in Fig. 1 differ in a second 
cladding layer and a current blocking layer. Portions 
excluding a second cladding layer 108 and a current blocking 
layer 112 in the semiconductor laser device shown in Fig. 4 
|;n 10 have the same structures as those in the semiconductor laser 

s sstf 
5 i • 

\H device shown in Fig. 1. The second cladding layer 108 shown 

!»« in Fig. 4 is formed on a light emitting layer 7, and has a 

Q flat portion 182 and a projection 181. A recess 183 is formed 

!U on the flat portion 182 along both sidewalls of the projection 

Q 

□ 15 181. The current blocking layer 112 is formed on an upper 

Q 

surface of the flat portion 182 and on both the saidewalls 
of the projection 181 of the second cladding layer 108 such 
that it is embedded in the recess 183 of the second cladding 
layer 108. 

20 In the semiconductor laser device according to the 

present embodiment, the recess is filled in with the n-type 
current blocking layer 112, so that the rise time and the fall 
time of light output power are shortened, thereby improving 
response characteristics of light output power. 

25 Figs. 5 to 7 are schematic cross - sectional views 
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showing the steps of fabricating the semiconductor laser 
device shown in Fig* 4. 

As shown in Fig. 5 (a), a buffer layer 2 having* a 
thickness of 25 nm composed of undoped Al 0 5 Ga 0 5 N, an undoped 
5 GaN layer 3 having a thickness of 2 Mm composed of undoped 
GaN, a first contact layer 4 having a thickness of 3 Mm 
composed of Si doped n-GaN, a crack preventing layer 5 having 

a thickness of 0.1 Mm composed of Si doped n-In 01 Ga 09 N f a 
first cladding layer 6 having a thickness of 1.5 Mm composed 
10 of Si doped n-Al 0 07 Ga 0 93 N, a light emitting layer 7 having a 
multiquantum well structure, described later, a second 

cladding layer 108 having a thickness of 1.5 Mm composed of 
Mg doped p- Al 0 07 Ga 0 93 N , and a second contact layer 9a having 

a thickness of 0.05 Mm composed of Mg doped p-GaN are stacked 
15 in this order on a C plane of a sapphire substrate 1 by MOCVD 

(Metal Organic Chemical Vapor Deposition). 

As shown in Fig. 5 (b) , an Si0 2 film 400 and an Ni film 

401 are formed in a predetermined region on an upper surface 

of the second contact layer 9a. A partial region of the 
20 n-contact layer 4 is etched to a predetermined depth by RIE 

or RIBE using the Si0 2 film 400 and the Ni film 401 as masks, 

to form an electrode forming surface 11 for forming an n- 

side electrode. 

As shown in Fig. 6 (c), the Si0 2 film 400 and the Ni 
25 film 401 in a region corresponding to the recess 183 shown 
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in Fig. 4 are removed, to form Si0 2 films 400a to 400c and 
Ni films 410a to 401c. A part of the second contact layer 
9a composed of p-GaN is removed by RIBE or RIE using the Si0 2 
films 400a to 400c and the Ni films 410a to 401c as masks, 
5 to form a recess having a width of 1 Urn and having a depth 
of 0.05 Urn. 

As shown in Fig. 6 (d), the SiO z films 400a and 400c 
and the Ni films 401a and 401c are removed, leaving the Si0 2 
Q film 400b and the Ni film 401b, and are etched to a 

r-i 
? S 

p 10 predetermined depth using the SiO z film 400b and the Ni film 
n 401b as masks such that the thickness of the flat portion 182 

JL 

a of the p-cladding layer 108 is dl . 

3 As shown in Fig. 7 (e) , an n-current blocking layer 112 

U is selectively grown using the Si0 2 film 400b as a mask. 

3 

3 15 Finally, as shown in Fig. 7(f), the third contact layer 

j 

9b is grown, to form a p-side electrode 131 and an n-side 

electrode 132. 

In place of the above-mentioned fabricating method, it 

is also possible to provide the recess 183 along both 
20 sidewalls of the ridge portion 10 by forming the ridge portion 

10 and then, etching the whole surface of the flat portion 

182 of the p-cladding layer 8 utilizing the fact that the 

etching rate in a portion along both the sidewalls of the ridge 

portion 10 is high. 
25 (Fourth Embodiment) 
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In a semiconductor laser device according to a fourth 
embodiment, the current blocking layer 112 in the 
semiconductor laser device shown in Fig. 4 is formed of 
high-resistive Al 0 12 Ga 0 8Q N, to which impurities have been 
5 added. Portions excluding a current blocking layer in the 
semiconductor laser device according to the fourth embodiment 
have the same structures as those in the semiconductor laser 
device shown in Fig. 4. 

In the semiconductor laser device according to the 
10 present embodiment , the current blocking layer composed of 
A1 o.i2 Ga o.88 N is made high resistive by doping impurities, 
thereby improving response characteristics of light output 
power, as in the semiconductor laser device shown in Fig. 1. 

It is preferable that the resistance value of the 

15 current blocking layer is not less than 1.5 Q • cm in order 
to sufficiently improve the response characteristics of light 
output power . 

(Fifth Embodiment) 

Fig. 8 is a schematic cross-sectional view showing the 
20 structure of a semiconductor laser device according to a fifth 
embodiment of the present invention. 

The semiconductor laser device shown in Fig. 8 and the 
semiconductor laser device shown in Fig. 3 differ in a second 
cladding layer and a current blocking layer. However, 
25 portions other than a second cladding layer 108 and a current 
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blocking layer 120 in the semiconductor laser device shown 
in Fig. 8 have the same structures as those in the 
semiconductor laser device shown in Fig. 3. The second 
cladding layer 108 shown in Fig. 8 is formed on a light 
5 emitting layer 7, and has a flat portion 182 and a striped 
projection 181. A recess 183 is formed on the flat portion 
182 along both sidewalls of the striped projection 181. The 
current blocking layer 120 is formed on an upper surface of 
the flat portion 182 and on both the sidewalls of the 

10 projection 181 of the second cladding layer 108 such that it 
is embedded in the recess 183 of the second cladding layer 
108. The thickness d3 of the second cladding layer 108 in 
a portion where the recess 183 is formed is smaller than the 
thickness dl of the flat portion 182. 

15 In the semiconductor laser device according to the 

present embodiment, the current blocking layer 120 composed 
of Al 0 12 Ga 0 88 N is made high resistive by doping impurities, 
so that response characteristics of light output power are 
improved, as in the semiconductor laser device shown in Fig. 

20 1. Further, a second current blocking layer 121 of a 
conductivity type opposite to that of the second cladding 
layer 108 is provided, thereby reducing an operating current. 
The recess 183 is filled in with the current blocking layer 
120, thereby further improving the response characteristics 

25 of light output power. 
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( Sixth Embodiment ) 

Fig. 9 is a schematic cross-sectional view showing the 
structure of a semiconductor laser device according to a sixth 
embodiment of the present invention. 
5 The semiconductor laser device shown in Fig. 9 and the 

semiconductor laser device shown in Fig. 1 differ in a 
substrate, layers between the substrate and a crack 
preventing layer, and a second cladding layer. Other portions 
k s 5 have the same structures as those in the semiconductor laser 

S 5 5 

l:n 10 device shown in Fig. 1. That is, the semiconductor laser 
v3 device shown in Fig. 9 is obtained by stacking, on an n-GaN 

z ; 

H= substrate 301, a buffer layer 304 having a thickness of 3 At 

O m composed of Si doped n-GaN, the same layers 5 to 7 as those 

■■:ss? 

iU in the semiconductor laser device shown in Fig. 1, a second 

P 15 cladding layer 308 having a thickness of 1.5 Mm composed of 

i 

Mg doped p-Al 0 07 Ga 0 93 N , and a second contact layer 9a by MOCVD. 

A partial region of the second contact layer 9a and the 
second cladding layer 308 are removed by RIE or RIBE, leaving 
a portion having a predetermined thickness dl , to form a 
20 striped ridge portion 10. The width of the ridge portion 10 

at this time is adjusted between 2.0 to 5.0 Mm. The second 
cladding layer 308 has a flat portion 382 having a thickness 
of dl and a projection 381. 

A current blocking layer 12 having a thickness of d2 
25 composed of Al 0 12 Ga 0 88 N is formed on both sidewalls of the 
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ridge portion 10 and on the flat portion 382 of the second 
cladding layer 308. Further, a third contact layer 9b having 

a thickness of 0.5 Ura composed of Mg doped p-GaN is stacked 
from an upper surface of the second contact layer 9a to an 
5 upper surface of the current blocking layer 12. 

A p-side electrode 331 is formed on the p-third contact 
layer 9a, and an n-side electrode 332 is formed on the reverse 
surface of the n-GaN substrate 301. 
« Also in the present embodiment, the current blocking 

n 10 layer 12 is made high resistive by doping impurities. 
Q Accordingly, the rise time and the fall time of light output 

s± power are shortened, thereby improving response 

;3 characteristics of light output power, as in the 

U semiconductor laser shown in Fig. 1. 

;3 15 (Seventh Embodiment) 

Fig. 10 is a schematic cross -sectional view showing the 
structure of a semiconductor laser device according to a 
seventh embodiment of the present invention. 

The semiconductor laser device shown in Fig. 10 and the 
20 semiconductor laser device shown in Fig. 9 differ in the 
structure of a current blocking layer. However, portions 
excluding a second current blocking layer 121 in the 
semiconductor laser device shown in Fig. 10 have the same 
structures as those in the semiconductor laser device shown 
25 in Fig. 9. That is, in the semiconductor laser device shown 
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in Fig. 10, the second current layer 121 having a thickness 

of 0.3 Urn composed of n-Al 0 12 Ga 0 88 N is formed on a current 
blocking layer 12 in the semiconductor laser device shown in 
Fig. 9. 

5 In the semiconductor laser device according to the 

present embodiment, the current blocking layer 12 composed 
of Al 0 12 Ga 0 88 N is made high resistive by doping impurities, 
thereby improving response characteristics of light output 
power, as in the semiconductor laser device shown in Fig. 1. 
10 Further, the second current blocking layer 121 of a 
conductivity type opposite to that of the second cladding 
layer 8 is provided, thereby reducing an operating current. 
( Eighth Embodiment ) 

Fig. 11 is a schematic cross-sectional view showing the 

3 

3 15 structure of a semiconductor laser device according to an 
eighth embodiment of the present invention. 

The semiconductor laser device shown in Fig. 11 and the 
semiconductor laser device shown in Fig. 10 differ in a second 
cladding layer and a current blocking layer. However, 

20 portions excluding a second cladding layer 308 and a current 
blocking layer 12 in the semiconductor laser device shown in 
Fig. 10 have the same structures as those in the semiconductor 
laser device shown in Fig. 10. A second cladding layer 318 
shown in Fig. 11 has a flat portion 382 and a striped 

25 projection 381. A recess 383 is formed on the flat portion 
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382 along both sidewalls of the striped projection 381. A 
current blocking layer 120 is formed on an upper surface of 
the flat portion 382 and on both the sidewalls of the 
projection 381 of the second cladding layer 318 such that it 
5 is embedded in the recess 383 of the second cladding layer 
318. 

In the semiconductor laser device according to the 
present embodiment, the current blocking layer 120 composed 
of Al 0 12 Ga 088 N is made high resistive by doping impurities, 

10 thereby improving response characteristics of light output 
power, as in the semiconductor laser device shown in Fig. 1. 
A second current blocking layer 121 of a conductivity type 
opposite to that of the second cladding layer 318 is provided, 
thereby reducing an operating current. The recess 383 is 

15 filled in with the current blocking layer 120 , thereby further 
improving the response characteristics of light output power. 

It is preferable that the resistance value of the 

current blocking layer 120 is not less than 1.5 Q • cm in order 
to sufficiently improve the response characteristics of light 
20 output power. 

[ Example ] 

The semiconductor laser device according to the first 
embodiment shown in Fig. 1, the semiconductor laser device 
according to the second embodiment shown in Fig. 3, the 
25 semiconductor laser device according to the third embodiment 
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shown in Fig. 4, the semiconductor laser device according to 
the fourth embodiment, the semiconductor laser device 
according to the fifth embodiment shown in Fig. 8, the 
semiconductor laser device according to the sixth embodiment 
5 shown in Fig. 9, the semiconductor laser device according to 
the seventh embodiment shown in Fig. 10, the semiconductor 
laser device according to the eighth embodiment shown in Fig. 
11, and a semiconductor laser device in the comparative 

□ example were fabricated, to measure the characteristics 

Ti 10 thereof . 

h 

; y In the semiconductor laser devices according to the 

^ first embodiment shown in Fig. 1, the second embodiment shown 

in Fig . 3 , the sixth embodiment shown in Fig . 9 , and the 
seventh embodiment shown in Fig. 10, the width of the ridge 
15 portion 10 was set to 3 Jim, the thickness d2 of the current 
blocking layer 12 was set to 0.5 Mm, and Zn (zinc) was doped 
as impurities into the current blocking layer 12. In the 
semiconductor laser device according to the third embodiment 
shown in Fig. 4, the width of the ridge portion 10 was set 
20 to 3 fim, the thickness d2 of the current blocking layer 112 
was set to 0.5 lim, and Si was doped as impurities into the 
current blocking layer 112. In the semiconductor laser device 
according to the fifth embodiment shown in Fig. 8 and the 
semiconductor laser device according to the eighth embodiment 
25 shown in Fig. 11, the width of the ridge portion 10 was set 



to 3 Mm, the thickness d2 of the current blocking layer 120 
was set to 0.5 Mm, and Zn was doped as impurities into the 
current blocking layer 120. The depths of the recesses 183 

and 383 (i.e., dl minus d3 ) were set to 0.05 Mm. 

The semiconductor laser device according to the fourth 
embodiment has the same structure as the semiconductor laser 
device according to the third embodiment shown in Fig. 4 
except that Zn is doped as impurities into the current 
blocking layer. The semiconductor laser device in the 
comparative example has the same structure as the 
semiconductor laser device according to the first embodiment 
shown in Fig. 1 except that only Si is doped into the current 
blocking layer, to make the current blocking layer into an 
n-type one. 

The relationship between the rise time tr and the 
thickness dl of the flat portion of the second cladding layer 
in each of the semiconductor laser devices according to the 
first to eighth embodiments and the semiconductor laser 
device in the comparative example were measured. The results 
of the measurement are shown in Figs. 12, 13, and 14. The 
results of the measurement with respect to the semiconductor 
laser devices according to the first to third embodiments, 
the sixth embodiment, and the seventh embodiment are shown 
in Table 1. With respect to the semiconductor laser devices 
according to the fourth, fifth and eighth embodiments. 



measurements in a case where the thickness di of the flat 

portion of the second cladding layer is 0.3 lira were made. 
The rise time tr in each of the semiconductor laser devices 
according to the fourth, fifth, and eighth embodiments were 
respectively 0.13 ns, 0.08 ns, and 0.06 ns . 

The rise time tr of light output power was defined as 
a time period elapsed from the time point where light output 
power reaches 10 % of a peak power of 5 mW until it reaches 
90 % thereof. The measurements were made under pulsed 
operations such as a pulse width of 50 ns and a duty cycle 
of 50 % (a repetition rate of 10 MHz). 



Table 1 



thickness of flat 
portion of second 

c~* ~\ ?\ r\ r\ ~\ nn 1 ;=» T- r\ 1 ( ll vc\\ 
V— ' _i_ auu.xn y -i- a. j cj. u -l \ hi / 


0 . 02 


0.08 


0.2 


0 . 3 


0.4 


0 . 5 


rise time tr(ns) 
(first embodiment) 


0 . 01 


0.03 


0. 12 


0 . 2 


0 . 59 


0 . 98 


rise time tr(ns) 
(second embodiment) 


0 . 01 


0.01 


0.06 


0 . 12 


0 . 35 


0 . 66 


rise time tr(ns) 
(third embodiment) 


0 . 06 


0. 14 


0. 62 


1 . 1 


2 . 5 


3.9 


rise time tr(ns) 
(sixth embodiment) 


0 . 01 


0.03 


0. 10 


0 . 18 


0 . 50 


0.80 


rise time tr(ns) 
(seventh embodiment) 


0 . 01 


0 . 01 


0 .05 


0 . 10 


0 .35 


0 .60 


rise time tr(ns) 
(comparative example) 


0 . 08 


0. 20 


0.8 


1 . 4 


2.8 


4 . 4 



The rise time tr in each of the semiconductor laser 



devices according to the first to eighth embodiments is always 
shorter than the rise time tr in the semiconductor laser 
device in the comparative example irrespective of the 
thickness dl of the flat portion of the second cladding layer. 

In the semiconductor laser devices according to the 
first to third, sixth and seventh embodiments, the rise time 
tr of light output power decreases as the thickness dl of the 
flat portion of the second cladding layer decreases. In the 
semiconductor laser devices according to the first to third, 
sixth and seventh embodiments, when the thickness dl of the 



flat portion of the second cladding layer is not less than 

0.3 Mm, the rise time tr rapidly increases as the thickness 
dl of the flat portion of the second cladding layer increases. 
The increase in the rise time tr becomes gentle at the time 
point where the thickness dl of the flat portion of the second 
cladding layer is not more than 0.3 Mm, and becomes gentler 
at the time point where it is not more than 0.08 Mm. In order 
to stably ensure the short rise time tr, therefore, the 
thickness dl of the flat portion of the second cladding layer 
is preferably not more than 0.3 Mm, and more preferably not 
more than 0.08 Mm. 

At the time point where the thickness dl of the flat 

portion of the second cladding layer is 0.3 Mm, the rise times 
tr in the semiconductor laser devices according to the first 
to eighth embodiments are compared. The comparison shows that 
the rise times tr in the semiconductor laser devices according 
to the first and sixth embodiments are shorter than the rise 
time tr in the semiconductor laser device according to the 
third embodiment, the rise times tr in the semiconductor laser 
devices according to the second, fourth and seventh 
embodiments are shorter than the rise times tr in the 
semiconductor laser devices according to the first and sixth 
embodiments, and the rise times tr in the semiconductor laser 
devices according to the fifth and eighth embodiments are 
shorter than the rise times tr in the semiconductor laser 



2 8 



devices in the second, fourth and seventh embodiments. 

This indicates that it is possible to add the effect 
of making the current blocking layer high resistive by adding 
impurities, the effect of forming the second current blocking 
5 layer 121 to shorten the rise time tr, and the effect of 
filling in the recess of the second cladding layer with the 
current blocking layer to shorten the rise time tr. 

With respect to the semiconductor laser device 
i ; g according to the first embodiment shown in Fig. 1, the 

l!H 10 relationship between the thickness d2 of the current blocking 

i n 

= Q layer and the rise time tr was measured. The results of the 

M= measurement are shown in Fig. 15 and Table 2. 

!U Table 2 



s :a s 


thickness of 














i;3 


current blocking 
layer d2 ( fita) 


0 . 25 


0 . 37 


0 . 5 


0 . 75 


1.0 


1 . 5 




rise time 
















tr ( ns ) 


0 . 71 


0 . 47 


0 . 2 


0 . 08 


0 . 02 


0.01 



15 



The thickness dl of the flat portion 82 of the second 

cladding layer 8 was set to 0.3 Urn. From the results of the 
measurements, it is found that the rise time tr decreases as 
the thickness d2 of the current blocking layer 12 increases. 
20 In a region where the thickness d2 of the current blocking 
layer 12 is not more than 0.5 Mm, the rise time tr rapidly 



# 

2 9 



increases as the thickness 6.2 decreases. On the other hand, 
in a region where the thickness d2 of the current blocking 

layer 12 is not less than 1.0 Mm, the rise time tr hardly 
decreases. In order to stably ensure the short rise time tr, 
5 therefore, the thickness d2 of the current blocking layer 12 
is preferably not less than 0.5 Mm, and more preferably not 
less than 1.0 Mm. 

The relationship between the thickness dl of the flat 
portion of the second cladding layer and the operating current 
10 was measured with respect to the semiconductor laser devices 
according to the first and second embodiments. The results 
of the measurement are shown in Fig. 16 and Table 3. 

Table 3 



thickness of flat 
portion of second 

cladding layer dl( Mm) 


0.02 


0.08 


0 . 2 


0.3 


0 . 4 


0.5 


operating current (raA) 
(first embodiment) 


72 


74 


77 


79 


81 


83 


operating current (mA) 
(second embodiment) 


69 


71 


73 


74 


76 


78 



15 

The results show that the operating current in the 
semiconductor laser device according to the second embodiment 
shown in Fig. 3 is smaller than the operating current in the 
semiconductor laser device according to the first embodiment 
20 shown in Fig. 1 by 3 to 5 mA. 



The foregoing and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 



